Frequency magnitude distribution of all types of earthquakes has received considerable attention in the last few decades. Their linear logarithmic relationship remains the most accepted. The a and b constants of this equation, their values and variations have been studied in detail. It is largely agreed that for the seismicity of the whole Earth, its hemispheres, quadrants and large epicentral regions are a=10.0 and b=1.0. The b-variations have long been investigated and reported to occur in different forms and values. Long-and short-term b-variations occur in a continuous cyclic manner and may exceed ± (0.6 -0.7) of its absolute value. These are observed to occur not only yearly or monthly but also daily. The b-value always attains maxima and minima before and after the occurrence of all large earthquakes. Many days before the occurrence of large earthquakes, b-values start increasing at variable gradients that are affected by foreshocks. It attains a maximum value shortly before each large earthquake and a minimum on its occurrence. Many factors have been proposed to explain the b-variations including prevailing stress, crustal heterogeneity, focal depth, pore pressure, geothermal gradient, tectonic setting, and other factors. Considering the b-variations of the whole Earth, its hemispheres and quadrants and considering that most proposed factors are directly or indirectly related to the stress, it is concluded that this remains the major factor. It is found that for large earthquakes with Mw ≥ 7, an increase of about 0.20 in the b-value implies a stress increase that will result in an earthquake with a magnitude one unit higher.
Introduction
During the last few decades, different frequency-magnitude relationships have been proposed to explain the earthquake distribution in any region. These include the double power Table 1 . The a and b values as calculated by [4] for the whole Earth and its Eastern and Western Hemispheres utilizing compiled seismicity data from NEIC, IRIS, and ISC catalogs for the period Jan. 1, 1990-Dec. 31, 2012. law and the exponential and Weibull distributions. The linear empirical relationship of Eq. (1) as originally suggested by [1] [2] [3] remains the most used among seismologists worldwide:
Log N = a − b M (1) where "N" is the total number of earthquakes with magnitudes ≥ M. The variable "a" represents the total seismicity rate and the level of seismic activity of a region, while the slope "b" describes the relative size distribution of its earthquakes. Both parameters are of vital importance in seismicity, seismotectonics, and other related studies. The variable "b" has received much more attention and was subjected to many statistical, analytical, and evaluation techniques within the last few decades. To illustrate the long-term global average of both a and b values, [4] compiled the seismicity data for all earthquakes that occurred globally during the period January 1990-December 2012 with magnitudes M ≥ 4.5 from the National Earthquake Information Centre (NEIC) of the US Geological Survey, the Incorporated Research Institutions for Seismology (IRIS), and the International Seismological Centre (ISC)
catalogs and subjected the data to least-square regression analysis for the calculation of both a and b. Their results, Table 1 , indicate that the a-value is mostly in the range 9.5-10.1 for the whole Earth and its hemispheres. With slight variations between the seismicity data of the three sources and the major regions of the Earth, the a-value averages at about 10.0. These values are in agreement with most previous published results, for example, see [5] [6] [7] [8] [9] [10] [11] [12] [13] .
Both parameters show a relatively wide range of spatial and temporal variations, particularly the b-value, which displays continuous local, regional, and global fluctuations on various timescales of up to 0.5-0.8 of its absolute value or more [4, 14] . On a local scale, it shows a relatively wide range of variation (0.3 to 2.5) or more, for example, see [1, 4, 7, 11, 12, and references therein]. Such b-variations are known to accompany microearthquakes as reported in a few laboratory experiments [17] , to induced earthquakes associated with mining, large water reservoirs, and other man-made activities [18, [38] [39] [40] , to large tectonic earthquakes [4, 14, [41] [42] [43] [44] 46] . A few studies, however, contradict with this and claim that such temporal and spatial b-variations are apparent and interpreted them as artifact rather than natural, for example, see [6, 8, 47, 48] . Some studies claim that temporal variations are of second order compared to the spatial variations and are generally more difficult to observe [7, 30, 33] . Details on the regional and global spatiotemporal b-variations, their characteristics, their classifications, and the main factors affecting them are presented and discussed in this chapter.
Classification and causes of b-variations
In their review, [4] reported the following classification as compiled from published literature on the b-variations:
1. An increase in the b-value before the occurrence of major earthquakes during variable periods of time that extend many years in some cases and an immediate drop soon after their occurrence. Case studies cover different parts of the world, for example, Venezuela [20] , China [22] , and New Zealand [24] .
Such studies are limited compared to the many studies that report and confirm the spatial and temporal b-variations.
The factors that affect all reported spatiotemporal b-variations have been compiled and discussed by [4, 14] who claim that such variations are caused by one or more of the following factors:
1. An increase in the applied stress or effective stress is believed by many researchers to result in a b-decrease and vice versa, e.g., [7, 30-33, 35, 41-44] . This is evidenced by some limited laboratory experiments [15, 17] . Other studies however report that the b-value increases before the major earthquake, i.e., with stress and decreases thereafter [22, 24] . From their calculations to the b-variations of the whole Earth, its two hemispheres and four quadrants [4, 14] concluded that the stress remains the major factor that affects b-variations. The b increases with stress and shows gradual increase to maxima soon before large earthquakes and minima on their occurrence.
2.
Variations in crustal heterogeneity, either primary or secondary, the second being brought about by one or both of the following causes: (a) rock deformations due to their folding, faulting, fracturing, cracking, and micro-cracking and (b) liquid and other magmatic materials invading the subsurface rocks. Fluid and pore pressure increase is believed by some to increase the b-value, for example, see [7, 19, 30] . In general, the b-value is reported to increase with the crustal heterogeneity [52] [53] [54] .
Latent heat as introduced to the rocks by intrusions is believed to increase the b-values.
Limited laboratory experiments are claimed to support this idea [25, 55] ; see also [30, 33, 35, 43, 44] .
4.
Tectonic characteristics and focal mechanisms have long been suggested to cause b-variations [15, 16, 23] . Normal faulting is believed to be associated with relatively high b-values, strike-slip with intermediate, while thrust faulting is claimed to have the lowest b-values [1, 41, [56] [57] [58] . Creeping segments of faults appear to display high b-values, while asperities are reported to be characterized by anomalously low b-values [7, 33] . Ref. [26] have reported low b-values in the upper boundary of the subducting plates and high in the lower plane; see also [29, 56] . Contrary to this, other researchers suggest that there is little variation of b between different tectonic regions, for example, see [6, 8] .
5.
Petrological, environmental, depth, and some geophysical characteristics of rocks are reported in many cases to display b-variations. From his laboratory measurements, [17] reported that frictional sliding and deformation of a ductile rock were found to have higher b-value than that observed in brittle rocks. Variations in the b-values with depth are reported in different localities, e.g., California, where it is reported to decrease with depth [7, 30, 53] .
In some other regions, high and low b-values are related to low and high P-wave velocities, respectively [26, 59] . On land, low Bouguer anomalies are reported to correlate with low b-values, while the opposite is suggested for offshore anomalies [25] . In one case, temporal b-variations are suggested to be caused by seismicity migration [21] .
6.
In each b-calculation for any region, the magnitude scale for all earthquakes should be the same. Using different scales in the one set of calculation or different calculations will result in different b-values. [31] deduced a b-value = 1.5 for Mexican earthquakes utilizing the duration magnitude (Md) and a b-value = 0.85 for the same set of earthquakes when magnitudes were converted to Ms.
7.
It was reported by [4, 14] that the b-variations are also affected by the selected calculating technique and how it is applied. The most used methods in the b-calculations are the regression and the maximum likelihood [60] [61] [62] . Both methods are sensitive to small numbers of earthquakes in the time window, but a reasonable correlation is observed between the results of both methods, as long as the numbers of earthquakes in the analyzed windows are large [14] . The calculated b-values are also affected, albeit slightly, by the length of the time window. They also show some slight variations between the use of moving and expanding time windows utilizing the same technique, though corelatable results are mostly obtained [4, 14] .
Spatiotemporal b-variations
A detailed review by [4] briefs details on these variations, their classification, and their causes and includes most related references. The seismicity of the whole Earth, its two hemispheres and four quadrants, and the epicentral regions of some selected recent earthquakes has been evaluated by [4, 14] to conclude that b-variations occur continuously not only yearly but monthly and daily and to show that the applied stress remains the main factor that affects these variations. These were classified as follows [4, 14] :
Long-term b-variations
Detailed b-calculations on the seismicity of the Earth and its Eastern and Western Hemispheres that occurred during the period 1990-2010 were made by [14] for different periods of 1, 2, 11, and 21 years; see Table 2 . Results show that the overall average b-value for the whole Earth 
Short-term (monthly) b-variations
Seismicity data of the Eastern Hemisphere as reported in the catalogs of the three NEIC, IRIS, and ISC sources during the years 2009-2011 were utilized by [14] to study short-term b-variations using fixed time windows 1 month long, Figure 1 and Table 3 . These show that for all 22 earthquakes, each b-value achieved a maximum 1 day before and a minimum soon after its occurrence. Soon after that, the b-values continue to change either positively, e.g., the two largest Sumatra earthquakes, or negatively as seen on some cases of 
Short-time (daily) b-variations
Monthly b-calculations were made by [14] to the seismicity of the whole Earth, its two hemispheres, and its four quadrants for periods of about 1 month that include the dates of occurrence of the largest three earthquakes of the year 2010, namely, the Mw 8. Table 4 . These show that the b-value of each quadrant and the whole Earth was maxima Further b-calculations were made to the seismicity data of Quadrant 3 which occurred a few weeks before the Chile earthquake. Fixed time windows 15 and 20 days long that were moved 1 day at a time and daily expanding time windows were used in the b-calculations. Results are plotted in Figure 4 which also shows the times and magnitudes of the earthquakes that occurred within the same quadrant during the same period with magnitudes Mw ≥ 5.6. All earthquakes that occurred before the Chili earthquake are not located in its epicentral area. The expanding window results (red color) show that the b-value has varied gradually in the range 1.366-0.739 during the 54 days of calculation. The b-gradient has also varied during this period. It decreased with the occurrence of relatively large earthquakes and increased soon afterward; see [14] for details. On the occurrence of this major earthquake and its immediate aftershocks, the calculated b-value of Quadrant 3 got reduced to a minimum value, 0.739. On the occurrence of the major 8.8 Chile earthquake and its aftershocks, the b-value of both windows dropped down to about 0.7. Continuous b-increase is observed on both windows during the following 14 days; for more details, see [14] . [14] .
Utilizing the moving and the expanding time windows further, daily b-calculations were made by [14] to the seismicity data of the epicentral area of the Sumatra 2005 earthquake and Quadrant 1 for a period of about 45 days before and 10 days after its occurrence; see Figure 6 . A good correlation is observed between the two expanding curves (red and black). This correlation leads [14] to conclude that the b-values of Quadrant 1 and their variations were mainly controlled by the same factors as those in the Sumatra epicentral area during this period of time. Upon the occurrence of the major earthquake (M8.6), the b-value of the epicentral area got reduced by 0.546 and that of Quadrant 1 by 0.331. The M6.8 foreshock that occurred on February 26 resulted in a reduction of the b-value of the epicentral area by 0.260 and that of quadrant 1 by 0.119. Note that during the last 2 days before the 8.6 major earthquake, the rate of b-increase of Quadrant 1 got reduced to less than 0.001/day, while that of the epicentral area reduced to about 0.0013/day [14] .
The blue and green curves of Figure 6 represent the b-variations as calculated for both epicentral region and Quadrant 1, utilizing a 15-day window that moves daily starting 
Discussion
It has long been documented that the a and b constants of the logarithmic frequency-magnitude distribution of earthquakes are of considerable importance in seismological, seismotectonic, and other related studies. Their regional and global values are 10.0 and 1.0, respectively, but both have long been reported to display considerable spatiotemporal variations [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The b-value is a quantitative measure of the earthquake size distribution within a certain period of time in any region. It has received much more attention, and numerous studies have investigated its value and variations. An increase in the number of small magnitude earthquakes increases its value, while it decreases with the occurrence of only one large earthquake or more. As the occurrence of earthquakes is unpredictable in both time and space, the b-value should therefore vary accordingly. It has long been known that the b-variations occur on both local and regional scales and are associated with all types of earthquake activities ranging from micro-tremors to very large tectonic earthquakes. Spatial variations vary from local tectonic areas to large tectonic regions, to a full quadrant of the Earth, to its hemispheres to the whole volume of the Earth [4, 14, 37, 45] . Temporal variations of variable periods are reported to vary from many years to a few years to 1 year to a few months to 1 month and less [1, 4, 12, 14, 34-36, 38, 47, 48, 57] .
The most used techniques in the calculation of b-values are the linear regression and the maximum likelihood methods [33, 60, 61, [63] [64] [65] . Both methods give corelatable results for the same set of seismicity data but with differences of about 0.1-0.3 of its absolute value or more [4, 14] . The least-square regression method is disproportionately influenced by the largest earthquake magnitudes, while the maximum likelihood method weighs each earthquake equally [65, 66] . The manner in which a method is applied, such as the magnitude range considered, the number of earthquakes per bin, the use of cumulative magnitude statistic, etc. can affect the calculated b-values. Other differences are also reported using the same technique depending on how it is used, i.e., using moving time windows of constant or variable lengths or expanding time windows, their lengths, etc.
The fact that the calculated long-period b-variations are much smaller than those of the short period is simply caused by the fact that these variations are of higher frequency and occur continuously through days and months [4, 14] . Most published b-calculations used equal numbers of earthquakes in moving time windows, i.e., unequal times. This results in combining seismicity data over long times, longer than times of variation, and thus, at least some of the temporal b-variations are not captured [4, 14] . The time length of used windows and the total number of earthquakes used in the calculations are delicate factors that must be carefully considered in b-calculations. The use of moving fixed or expanding time windows influences both the number of earthquakes and their size distribution. These b-calculations clearly indicate that an expanding time window that starts at a fixed time appears to be a more effective technique to study the b-value and its variations, as all concerned earthquakes and their time distribution are retained within the studied time. In the moving-window technique, adding and removing large foreshocks and aftershocks result in relatively high b-variations. It is certain that both fixed and expanding window techniques confirm the b-variations, though their results vary slightly. Therefore combining the results of both techniques is quite useful [4, 14] .
The b-calculations made by [4, 14] on the long-time and short-time sets of seismicity data clearly indicate that the b-value varies continuously with time in a cyclic manner.
Earthquakes -Forecast, Prognosis and Earthquake Resistant Construction
Long-time variations (1 year to many years long) are of relatively low amplitudes, while the short-time sets of data (1 or 2 months or shorter) show that the b-variations of the Earth as a whole, its hemispheres, and its quadrants, as well as the epicentral regions of large earthquakes attain continuous cyclic b-variations with amplitudes as high as 0.6-0.7 of its absolute value [4, 14] . These variations occur not only yearly or monthly but also daily. Many days before the occurrence of large earthquakes, b-values start increasing with variable gradients that are affected by foreshocks. In some cases the gradient is reduced to zero or to a negative value a few days before occurrence of the main earthquake. In general, calculated b-values attain maxima 1 day before large earthquakes and minima soon after their occurrence followed by gradual increase thereafter with variable gradients caused by the aftershocks [4, 14] .
For large earthquakes, the calculated b-variations of [14] show reasonable correlation for those of epicentral regions, the quadrant of the Earth, and the hemisphere they are located in as well as the whole Earth. This led him to conclude that these variations are of local and regional character, i.e., the geodynamic processes that cause the occurrence of such large earthquakes appear to act not only within the epicentral region but have a larger effect within the whole quadrant or more.
Spatiotemporal b-variations are influenced by a number of factors including stress, tectonic environment, crustal heterogeneity, depth, fluid and pore pressure, latent heat and geothermal conditions, and some geophysical and geotectonic characteristics [4, 14] . The b-variations of the Earth, its two hemispheres, and its four quadrants clearly indicate that the stress remains the major factor that affects these variations. In this case, the abovementioned regional factors are excluded, and the effects of much of the others are eliminated. It is concluded therefore that stress remains the most important factor that affects the b and its variations as, firstly, it causes deformation of rocks including brittle failure, i.e., earthquakes, and, secondly, all other factors are directly related to and influenced by the stress.
Conclusions
The following conclusions are made: in b value for a number of years before an earthquake, followed by a decrease after its occurrence, or an increase long before the earthquake, followed by a small drop before the earthquake and a major decrease after its occurrence, has long been reported. Yearly, monthly, and daily b-variations are presented from other studies.
3.
The b-variations are not only influenced by the different calculation techniques but also the way of using the same technique. Both linear regression and maximum likelihood methods give corelatable but variable results but with differences mostly in the range 0.1-0.3. It is found that an expanding time window technique from a fixed starting point is more effective in the study of b-variations. Combining the results of both techniques is certainly useful.
4.
The calculated long-term and short-term b-variations of this study clearly indicate that b-variations occur in a continuous cyclic manner. The latter are of much higher value that may exceed ± (0.6-0.7) of its absolute value. These variations are observed to occur not only yearly or monthly but also daily, particularly before and after the occurrence of large earthquakes. The b-value always attains maxima and minima before and after the occurrence of all large earthquakes irrespective of the used method of calculation and how it is applied.
5. Spatiotemporal b-variations are influenced by a number of factors including stress, tectonic environment, crustal heterogeneity, depth, fluid and pore pressure, latent heat and geothermal conditions, and some geophysical and geotectonic characteristics. The b-variations of the Earth, its two hemispheres, and its four quadrants were interpreted by [4, 14] to conclude that the stresst remains the major factor that affects the b and its variations. All other factors remain of secondary effect as all are directly or indirectly related to and influenced by the stress.
6.
For large earthquakes, b-variations appear to be of both local and regional characters. This may indicate that in the case of large earthquakes, the geodynamic processes acting within an epicentral region appear to influence its concerned quadrant, hemisphere, and the whole Earth. This indicates that the geotectonic factors that cause large earthquakes are of regional and possibly global character.
7.
For earthquakes with magnitudes Mw ≥ 7.0, it is found that an increase of about 0.20 in the b-value implies a stress increase that will result in an earthquake with a magnitude one unit higher, i.e., increasing the seismic energy some 28-30 times [14] .
